Abstract: The 0-dealkylating activities in rice were investigated to obtain fundamental information relating to the selectivity and safening action of sulf onylurea herbicides by measuring 7-ethoxycoumarin 0-deethylase (ECOD) and 7-methoxycoumarin 0-demethylase (MCOD) activities in microsomes taken from rice shoots. NADPH cytochrome P-450 (c) reductase (NADPH cyt. c red.) activity was measured to confirm the effect of electron transfer system on cytochrome P -450 reaction. Cytochrome P-450 dependence of the reactions was demonstrated by use of safeners: 1, 8-naphthalic anhydride (NA) and ethanol; inhibitors: 1-aminobenzotriazole (1-ABT) and piperonyl butoxide (PBO); herbicides: dimepiperate, dymron, pyrazosulf uron ethyl (PSE) and bensulfuron methyl (BSM). The 0-dealkylation was induced by the treatment of not only safeners (NA, ethanol) but also herbicides (dimepiperate, dymron, PSE, BSM). Furthermore, it was inhibited to varying degrees by both inhibitors (1-ABT, PBO) of induced cytochrome P-450 enzymes and by sulfonylurea herbicides (PSE, BSM). In contrast, NADPH cyt. c red. activity was not significantly changed by either induction or inhibition. These results suggest that cytochrome P-450 is involved in the oxidative detoxifying metabolism of sulfonylurea herbicides like PSE and BSM, so that these herbicides may be a substrate or competitive inhibitor of microsomal oxygenases.
Introduction
Differential detoxification has been established as the major basis for the observed crop selectivity of most sulf onylurea herbicides including BSM2). 0-Demethylation reaction of PSE or BSM is known as a major contributor to selectivity30,32) Preliminary studies evaluating the efficacy of mixtures of BSM with selected carbamothioate herbicides like dimepiperate and thiobencarb used for barnyardgrass (Echinochloa oryzicola)
control in paddy rice showed that they could protect rice against the stunting injury caused by BSM31). The safening effect afforded by these carbamothioate herbicides to rice was based on an enhanced metabolic inactivation of BSM31,32) In addition to the carbamothioate herbicides, safening of rice against BSM injury was also achieved using the urea herbicide dymron18). Dymron is known to be an effective herbicide for the control of some sedge weeds in Japanese paddy rice fields26). 1-ABT and PBO are known as P-450 inhibitors and herbicide synergists4). The suicide cytochrome P-450 inhibitor, 1-ABT, inhibits diclofop11), as well as chlortoluron16) oxidation by wheat mi- Rice (Oryza sativa L. cv. Nipponbare) seeds were germinated at 30C in the dark for 48h and incubated further in 1mM CaSO4. After 6 days, etiolated shoots (1.5-3.0 cm) were excised for the preparation of microsomes. Treatment of inducers NA treatment was performed by coating the seeds before germination (0.25, 0.5, 1.0%, w/w). Ethanol was applied to the etiolated seedlings by submerging them in 1.0, 2.5, 5.0 (v/v) solution for 24h. Dimepiperate (10, 50, 100uM), dymron (1, 5, 10, M), PSE and BSM (0.01, 0.1, 1.0, 1M) were applied to the etiolated seedlings under the same conditions.
Preparation of microsome fraction
Approximately 10-15g of rice shoots were harvested and homogenized at 4C in 100mM sodium phosphate buffer (pH8.0) containing 14mM 3-mercaptoethanol, 10mM EDTA, and 40mM
ascorbate. Rice tissues were disrupted by grinding in liquid N2 in a mortar and pestle. The crude extract was filtered through four layers of cheesecloth and centrifuged at 10,000xg for 20mm (-4CC).
The supernatant was filtered again and centrifuged at 100,000xg for 90mm (-4CC).
The final pellet was stored at -80C until assaying activity, which was then resuspended in 100mM sodium phosphate buffer, pH 8.0, containing 25% glycerol prior to use. Enzyme assays
The assay for ECOD and MCOD followed the method of Werck-Reichhart et al. 29) . The standard reaction medium contained 0.25mM 7-ethoxycoumarin (stock solution in 0.1 dimethyl sulfoxide, DMSO) and 0.5mg of microsomal protein in 100mM sodium phosphate buffer (pH 8.0). It was allowed to equilibrate at 30C for 2min in the thermostated cuvette and then reaction was started by addition of 1mM NADPH. Fluorescence was monitored with a spectrof luorometer (Jasco. FP-777). Fluorescence changes at 460 nm due to production of 7-hydroxycoumarin were directly recorded as a function of time, using an excitation wavelength of 380nm. The assay was calibrated by addition of known amounts of 7-hydoxycoumarin to the incubation medium (5-50pmol). Under these conditions, rates of 7-hydroxycoumarin formation were tested linearly at 30C for 20 minutes. 
